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TECENICAL NOTE NO. 167k

ESTIMATION OF EFFECTIVENESS OF FLAP-TYPE
CONTROILS ON SWEPTBACK WINGS

By John G. Lowry and Ieslie E, Schneiter
SUMMARY

An analysis hes been made .of the low—speed 1ift, rolling, and
pitching characteristics of flep—type controls on a series of swept— :
back wings, and methods are presented for estimating thess characteristics.,

The methods developed are essentially modifications of the existing
methode used in estimating the effectliveness of flap—type controls on.
unswept wings. Satisfactory results may be obtalned bg each method for
flap-type conbrols on swept wings having from O° to 60° sweep, aspect
ratios from 2.50 to 6.00, and taper ratios between O.4 and 1.0. The
control. paramsters apply only in the range where the variations with
engle of attack and flap deflection are linear.

INTRODUCTION

In en attempt to extend the maximum speed of alirplanes into the
transonic and supersonic spsed range, an ever increasing number of
alrplanes are belng designed wlth swept wings. The use of these plan
forms has Introduced the need for control—surface deta on swept wings
similar to those already in existence for unswept wings (references 1
to 8) which allow for the prediction of control-—surface characteristics
wi'!:hin smgll limits.

At the present time information on the behavior of controls in the
transonic spesd range is too meager to permit the development of a rational
design procedure that. applies at transonlic speeds; hence, the design
of control surfaces for transonic asirplenes must still be based primarily
on low-speed considerations

A summary of the rosults of several low—speed wind—tummel Investi-—
gations of control effectliveness on sweptback wings (date obtained in
the Iengley 300 MPH T~ by 10—foot tunnel) and a discussion of the
development of ‘two methods of estimating the .effectiveness characteristics
of flap-type controls on swepbtback wings are presented herein.
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SYMBOLS

For the purposes of this paper, the chords and spans of the swept
wings are measured parallel and pervpendlcular to the plane of symmetry,
and the sweep angle is that of the wing leading edge (fig. 1). The
control-surface deflections are measured in a plane perpendicular to
the control hinge 1ine., The term flap is used hereln to d.esignate any
type of control surface, regerdless of its application. The "unswept—"
wing panel represents a wing that would be obtained if the swept wing
were rotated ebout the mlidpoint of the root chord until the 50—percent= -
chord line 1s perpendicular to the plane of symmetry. The tip 1a cut off
parellel to the plane of symmetry. The chords in thls case are measured
perpendlcular to the 50—percen'b—chord_ line, All primed values refer to
the "unswept" wing.

Cr, wing 11ft coefficilent (L/qS where I 1s 1ift of complete
wing or twlce 1lift of semispan wing)

c1 ~gection 11ft coefflclent

Cy wing pitching-momentcoefficient (M/qSE where M 1s pitching
moment of complete wing or twice piltching momsnt of semi-
span wing)

Cm section pitching-moment coefficiemt o

c; rolling-moment coefficlent (L/qSb where I is rolling '
mcment produced by deflectlon of one alleron an a complste
wing)

S ) area of-camplete wing

b gpan of complete wing, measured on a line perpendicular to
model plene of symmetry

be span of flap, measured on a line perpendicular to wing plane
of symetry

b/2
¢ wing mean serodynamic chord % f c2dy
0

c wing local chord, measured in planes parallel to model plane
of symmetry

cr chord of flap, measured in planes parallel to wing plane of
symetry

Cy wing root chord
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wing taper ratio (Wing tip chord /Wing root chord)

. lateral distance from plene of symmetry

lateral distance from plene of symmestry to 1lnboard end of flap

lsteral distance from plane of symmetry to outboard end of
flap

distence from center of pressure of incremental 11ft load to
moment axis, measured in plenes parallel to wing plane of

symmetry .

aspect ratio (b2/8S)

free—streem dynsmic pressure @-pv2>

massg density of air

fres—-stream alr wvelocity . -

wing angle of attack, measured in model plane of symmetry

control—surface deflectlion, measured In a plane perpendicular
to control-surface hinge line, positive when control—

surface trelling edge is below wing chord plane

wing swesp angle, that is, angle between wing leading edge
. &and a perpendicular to wing plane of symmetry

flap effectivensess parameter, that is, effective change Iin
wing angle of sttack caused by unit angular change In
control—surface deflection

rolling-moment coefficlent caused by a unit difference in
wing angle of atback of various right and left parts of

& camplete wing
aspect-ratio correction factor for C,/Ax

taper—ratio correction factor for Cj/Ax

aspect—ratio correction factor for CI6 /crs

Mech mumber (V/a)
speed of sound

Reynolds mumber (pVE/p)
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v coefficlent of viscosity of alr . L
C BCL

s \>
c BC

7’8 88

oy - (32

The subscript o indlcates the factor held constan‘b A_'Ll slopes were
measured or calculaeted In the range of o = 0° and & =

The rolling effectiveness parameter presented herein represents the
aerodynamlic effects on a complete wing produced by the deflection of the
alleron on only one semispen of the complete wing. The 1ift and pitching
effectlivenese parameters represent the aerodynamic effecte of deflection
in the seme direction of-the flaps on both semispans of the camplete wing.

EXPERTMENTAT, DATA

In order to determline to what extent the design procedure for
controls on unswept wings would have to be modiflied for swepbt wings, a
semlspan—wing model vas tested . essentially unswept (A = 6.3°) and at
sweep angles of 30°, 40°, and 51.3°. (See models 1 to 4, table I.)
The aspect ratio of the wings varisd from 6.23 for the 6 3° swept wing
to 3.43 for the 51,3° swept wing. The wing was equlpped with a variable—
spen plain-sealed flap having & chord 20 percent of the chord of thé
"unswept" wing. The tests were performed in the Langley 300 MPE T— by
10-foot-tunnel et g Mach number of about 0.12 and at Reynolds numbers
of about 1.55 x 100 for the 6.3° swept wing and 2.2 x 100 for the
51.3° swept wing.

The variation of the rate of changs of rolling-moment coefficient

with deflectlion CZS with span of alleron for the various angles of

sweep, a8 obtalned for models 1 to 1!-, is shown in figure 2. The alleron
for these investigations extended inboard from the tip. The veriation
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of 07'8 with sweep shown here. also includes the effect of aspect ratio

which varied from 6.23 for the 6.3° swept wing to 3.k3 for the 51.3°
swept wing. As the sweep 1is Increased and as the aspect ratio decreases,
the values of 07'8 decrease appreclably., In addition, the percent

decrease In the value of 015 wlth Increasing sweep is greater for short—
gpan tlp allerons than for allerons of approximately 0.50 semispan or greater.

The 1ift effectiveness paramster OIS obtained from these same

models sliowed ebout the same variation with sweep as did the rolling—
moment effectlveness paramster; that is, there was a decrsase in

with increase In sweep snd with decrease in aspect ratio. (See fig. 3.)
The pltching-moment effectiveness parameter Cmﬁ showed about the same

variation with sweep as did the roliin, t effectiveness parameter
except for the 6.3° swept wing (fig. 4). The lineasr variation of Cong

with flep span on the 6.3° swept wing (fig. 4) and the drop—off of
efféctivensss of the short—span tlp fleps 1s the type of variation that
would be predicted from the theoretical treatment presented in reference 8.
The pitching moment produced by a given increment of flap span is propor—
tlonal to the prodvuct of the Incremental 1ift produced by the flap and
the chordwlse dlstence from the center of pressure of the Incremental
load to the exis sbout which the moments are taken (the wing aerodynamic
center for these tests). The decreasing pitch effectiveness of a gilven
increment of span of flap for sweep engles greater than 30° indicates
that the incremental—lift-producing effectiveness of the flap decreases
faster than the moment arm of this Incremental 1ift increases.

METHODS

The results of en anslysis of the aforementioned wind—tunnel data
led to the development of two methods of estimating the 11ft and rolling
effectivensss parameters CI'c‘) and. '.CZS, respectively, and one method

of estimating the pltching effectiveness parameter Cm5

Method I

Rolling effectivensss paramster C'l,j «— In order toc meke flgure 2

of a more general nature, the date were reduced to a form similer to
that presented in reference 2 — that is, C4 [/Ax, ‘the rolling-moment

coefficient caused by 2 unit difference in wing angle of abtack of
various right and left parts of a complete wing. Simple sweep theory
indicates that only the component of the free—stream dynamic pressure g
In the direction perpendiculer to the wing leading edge has a bearing

on the effectiveness of a flap; hence, the effective value of q at
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constant free-stream velocity varies as cos®A. On.this basis, the
values of Cza (fig. 2) at sach spanwiege statlon were divided by

cos2A eand the value of the flap effectiveness parameter ag (AQ,/AB

from reference 3) for the flap on the "unswept—'wing panel. XNo aspect—
ratio or taper-ratio corrections were applied since the "unswept—'"wing
values of these factors for each of the swept wings are sufficiently
near the aspect—ratio and teper-ratio values of the 6,3° swept wing to
make corrections umnecessary. Thls reduction brought the curves Iinto
approximate asgreement except for the short=span tip ailerons on the LO®
and 51.3° swept wings. A curve of the average of the values computed
from the curves of figure 2 and from the theoreticael values of refer—
ence 2 for a comparable aspect ratio and taper ratio is presented In

figure 5.

In order to use this chart for design purposes, the values must
be corrected for aspect ratio, taper ratio, and flap chord. The rolling
effectiveness paremeter 07'6 may be calculated from the formula

c, L
C; =\7=) KjEpoap cos®A '~
& u oo T

The value of (Cl/Aﬂ,)u can be obtained from the approprieste curve in
figure 5 (the subscript wu indicates the value of Cz/Aa, for a wing
of aspect ratio 6.00 and taper ratio 0.5); the aspect—ratio correction
factor Kj can be obtained fram figure 6 and is the ratio of C,/Aa
for the aspect ratio of the "unswept" wing to the velue of C, /a2

for aspect ratio 6.00, both values being obtained from reference,2 for
taper ratio 0.5; the taper—ratio correction factor XK, can be obtained
from figure 6 end is the ratio of the value of C3/Ax for taper ratio
of the "unewept" wing to the value of C3/Ax for taper ratio 0.5, both
values again being obtained from reference 2 for aspect-ratio 6.00; the
Tlep effectiveness paraemeter ag 1s given in flgure 7 and 1is based on

the "unswept" flap chord ratlo; and A 18 the sweep of the wing leading
edge. -

For sweep angles from 0° to 30°, values of C3/Ax should be picked
from the averaged curve In figure 5. Values for wings of higher sweeps
mey be obtalned by inbterpolation between the averaged curve and the
curve for the 51,3° swept wing. In order to calculate the rolling.
effectiveness of allerons having chord ratios cet /c' which vary across
the aileron spen, the value of ap for the value of cp! /ct at the

inboard end of the aileron should be used.
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The data of figure 2 and.,- hence, ths curves of Cz/Aa, of figure 5
apply to allerons at spenwlse locatlons .other than those starting at the
tip. The value of Cj /Aor. for an element of alleron covering any span—
wise part of the wing is the difference between Cz/Acx, at the inboard

end of the aileron and O, /Ao et the outboard emd of the aileron.

Lift effectliveness paremster CIG°— The 1ift date presented in
figure 3 were reduced to the paramster 01.5/“6 by the same method used
to reduce the roll dabta; that ls, the value of CI6 at each spanwise

station was divided by cos2A and ag of the "unswept" control. This

reduction brought all the data Inso general agreement except for the
small spen controls on the 51.3° swept wing which again showed a loss
in 1ifting effectlveness. An averaged curve of CIG /C‘S is presented

in figure 8. The values of 016 mey be compubted for wings of other
sweep angles, aspect ratlos, and flap spans by the formla

C
= (—155) cr.sK3 cosSA
B u

The value of (cla /ag) 1 obtained from figure 8 (the subscript u
u

indicates the value of %G/czs for & wing of aspect ratio 6.00 and

taper ratio 0.5); the flap effectiveness parameter o 1s obtained
from figure T7; and the aspect—ratio correctlion .Ea.c_'bor K3 is'o'bta.ined.

from figure 9. The aspect—ratlio correction factor K3 1s the ratlo
of the slope of the 1lift curve CIu, of the "unswept" wing to the slope

of the 1ift curve for a wing of aspect ratio 6.00. The data used in
calculating this curve were obtalned from complete models and lsoleted
wings in the Langley T— by 10-foot tumnel. WNo taper—ratio correction
appears to be necessary, at least not for ta.per ratios of O.k to 1.0.

Lift dats on unswept wings indicate that the 11ift effectivensess of
flaps is different for flaps sterting at the wing root and for those
starting at the wing tip. Hence, 1t appears that this method must be
limited to the prediction of the characterlstics of flsps sterting at
the wing tip only. .

Method IT

Pitching effectiveness parameter Cma.— Any attempts to correlate

the pitching-moment data of figure 4 by methods similar to method I
were unsuccessful, A method for calculating the plitchiny sffectiveness
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of partial span fleps 1s presented in reference 8. This method is based
on calculation of the theoreticel spanwlge load distributliom by the
meothod of reference 1 and the chordwlse location of the center of pressure
of each spanwise increment of this load. The pitching moment about the
wing serodynemic center produced by this incremental load may then be
calculated at several spanwlse stations and the resulting curve should

be 1ntegrated to determine the total pitching-moment effectiveness of

the flap. The method of reference 8 does not, however, teke into con—
gideration any effects of sweep on the magnitude or dlstribution of the
spanwise loading.

On the basis of the results of the calculations of method I, it
appeared that unless sweep corrections were appllied errcmeocus r-sults
would be obtalned if the method of reference 8 was used directly to
calculate the pltching effectiveness of flaps cn hlghly swept wings.

The method presented in reference 8 was therefore revised to incorporate
such sweep correctlons and 1s re—presented herein vﬁ.'bh the appropriate
sweep correcticns applied.

The incremental 1ift caused by flep deflection at a constant angle
of attack was obtalined by the influence—lines method of reference 1.
Inasgmuch as the data of reference 1 apply rigorously cnly to wing
shapes shown in that report, & chord correctlon was necessary.

c
The spanwise loading factor —7'(-2/—952 at each spanwise station for
e

the wing in reference 1 most similar to the swept wing wnder considera—
tlion with regerd to teper ratio was multlplied by the ratioc of the
chord of a wing having a stralght leading and trailing edge, a squere
tip, and a taper ratioc the same as that of the wing in refersnce 1 to
the chord of the wing in reference 1. The two wings were compa.red. in
such a manmer that this retlo was 1.0 at the wing root.

The spanwisse loading Pactors of reference 1 are presented f?r /
c
geveral aspect ratlos and teper ratlos. The dlstribution of S

for the flap spesn under consideration, corrected for chord. asg previous],y
noted, was determined for each of the aspect ratlos in reference 1 at
the taper ratlo most nearly corresponding to the taper ratio of the
swept wing under comsideration. The spanwlse—load—distribution factors
presented In flgure 2 of reference 1 are those produced by a flap
deflected on only ome—half of a complete wing. In order to determine
the total spanwise loadling on one—half of a complete wilng caused by
deflection of & flap on both halves of the wing, the loading at a
negative (left) wing station must be added to the loading at the same
station on the positive (right) wing.

The values of the spenwlse loading factor at each spanwise station
are then determined by extrapolation or interpolation of these data to
the aspect ratio of the "unewept" wing corresponding to the swept wing
under consideration.
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The data of reference 1 give the value of incremental 1ift produced
by flaps that create an effective change in angle of attack of 1 radlan
over the flapped part of the wing. It 1s assumed that the incremental
1ift produced by the flep 1s directly proportional to the effectlve angle
of attack produced by the flap. Thus, in order to convert such data to
the incremental 1ift produced by a different flap deflectlon, 1%t is
necessary to determine the incremsntal angle of attack produced by that
flap deflection. As has been previously mentioned, the incremental
angl > of attack produced by flap deflection is indiceted by the flap
effectiveness parameter as ghown in figure T for various percent—
chord flaps. The Incremental section 1ift coefficient Ac; at each
spanwlse station produced by unit f£lap deflection may now be calculated
by the following formmila:

cs{c/c :
5 = 1{e/og) % S8 cosn - (1)
o 5T7.3 ©
cz(c/cs)
where -——=———=— 1s the spanwise loadling factor previously calculated

from refsrgnce 1, ay 1s the flap effectiveness parameter (taken from
fig. T) of the flap having the chord ratio cp'/c?, og/c is the chord
ratio of the wing in question, and A 1is the sweep angle of the wing
leading edgs. :

The pitching—moment effectiveness pesrameter Cms may be calculated

by muitiplying the incremental 1ift load at each spanwise station as
computed by formula (1) by the corresponding moment erm — that is, the
distence between the local center of pressure of the lncremental 1ift
load and the moment axls. Mechanical Inbtegration of the spanwise
distributions of pitching moments thuse obtalned yields the total pitching
effectivensss of the flap Cms The chordwlise variation of the local

center of pressure of the Incremental 11ift load across the span of the
wing was determined by a method, the reasoning behind which is discussed
in detall in reference 8. Briefly, the method involves placing the line
of centers of pressure of the lncremental 11ft loads over the flapped
part of the wing along the percent chord line (in the stream direction)
indicated by the center—of-pressure data shown in figure 10. (The data
in this figure were determined from the data of references 8 to 11.)

The llne of centers of pressure of the incrementel 1ift loads over the
unflapped part of the wing are laid out on a falred line which inbtersects
the 1llne of centers of pressure over the flapped part of the wing at the
inboard end of the flap and become tangent to the wing quarter—chord
line at a polnt approximately 30 percent of the wing semispan inboard

of the inboard end of the f£flap, as shown in figure 11.
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Lift effectivensss parameter CLB'— The 11ft effectiveness

of Omﬁ by mechanically integrating the area under the curve of Acy
(determined by formule (1)) againet spanwise location.

Rolling effectiveness parameter 07'8 .— The rolliing effectivensss
paremeter 07'5 may also be computed. The same spanwise 1ift distribution
uged to determine 016 may be mechanically integrated to determine the

moment of the load ebout the wing center line. The rolling-moment-
coefficients so computed are socmewhat In error since they include the
carry—over effects of a flap deflected in the same direction on the
remaining helf of the complete wing. The rolling-moment coefficients
so computed may be readlly corrected for the carry—over effects by the
method of figure 13 of reference 12, For 1llustrative purposes, a
sketch of the incremental section 1ift and pitching-moment coefficients
produced by a partiel—span flep on a swept wing is shown in figure 11.

ACCURACY OF METHCD

In order to determine the rellability of the two methods of
predicting the various control parsmeters on wings having various
geometric characterlstics, values of 016 and CZS were estimated by

method I and values of 016 > C-Ls , 8and Cm6 were estimated by method II

for the wings shown in teble I. These estimated values are campared with
the experimentelly determined values.

Comparisons of estimated CI6 wilth experimental C]_5 and
estimated C with experimentsl 025 .are presented in figures 12

and 13, respectively, for method I and in figures 14 and 15, respectively,
for method II. It appears from the scatter of pointe around the line of
agreement that both methods give equally good agreement in calculating CLB.

For calculeting CZS , method I appears to glve somewhat better agreement

with the experimental resulte than does method II. In gensral, method IT
underestimates the rolling effectlveness. The spanwise—load=distribution
factors presented in reference_l are for wings with round tips, whereas

all the experimental data used in the comparison are for wings having
essentlally squars tips. The difference between the load on a wing with a
round tip and the load on a wilng with & squars tip would be small in

regard to 1ift or pltching moment. Howsver, the load difference between

the two wing shapes would be located near the wing tip and would cansequently
be expected to have some effect upon the rolling mcments,
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With the exception of the estimated values for models 2 and 15
(teble I), the agreement of estimated C:ma with the experimental results

was excellent, as is shown in figure 16.

It was noted in the correlation for method I that the 1ift and
rolling effectiveness data for model 2 failed to correlate with the
comparable data for models 1, 3, and L4, the results for model 2 being,
In gemeral, too high. The comparisons of calculabted with experimental
1ift and rolling effectiveness shown in figures 14 and 15 for method IT
seem to substantiate the belief that the data for model 2 are in error.
Since the 1ift, rolling, and pitching effectivensss of a given flap are
s0 closely interrelated, 1t may alsc be assumed that the pitching effec—
tivensss data of model 2 are alsc somewhal in error and hence would fall
to correlate with the data of other models.

In general, 1t may be steted that both methods of calculeting the
control effectiveness parsmeters gave satisfactory results for sweptback
wings heving sweep angles from 0° to 60°, aspect ratios from 2.50 to
6.00, taper ratios from O.4 to 1.0 and heving conventional low drag or
clrcular-src alrfoils. Both of these methods are, of course, limited to
the range wherein 1ift has a linear variation wlith both wing angle of
attack and flap deflection. As was previocusly mentioned, 1ift data on
unswept wings indicate that the 1ift effectiveness of flaps is different
fofr controls starting at the wing root than for conbrols starting at the
wing tip. Hence, in addition to the aforementioned restrictions placed
on both methods, method I mist be limited to the prediction of the 1ift
characteristics of flaps starting at the wing tip omnly.

It was found In estimating the comtrol parameters for the various
wings that 016 and 07'5 could be estimated in about 1/2 to'1l hour by
method T and ‘Cpg (and incidentelly Opy end 025) in about 3 to
4 nours by method IZ.

CONCLUDING REMARKS

An enalysis has been made of the low—speed 1ift, rolling, end
pltching cheracteristics of flap—type comtrols on a seriles of sweptback
wings, and methods are presented for estimating thess characteristics.

The methods of caelculeting the control effectiveness parameters
give satisfactory results for sweptback wings having sweep angles
from 0° to 60°, aspect ratlos from 2.50 to 6.00, and taper ratios from O.k
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40 1.0, These methods are limited to the range wherein 1ift has a
linesr verilation with both wing angle of attack and flap deflection.

Langley Memoriael Aercnautical Ieboratory :
Netional Advisory Committee for Aeronsutics
Iengley Field, Va., May 3, 1948
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Figure 1,- Chords, spans, and sweep angle of swept and ““unswept” wing.
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